INTRODUCTION {#sec1-1}
============

Rotator cuff tears are a common cause of debilitating shoulder pain and dysfunction. Surgical repair of painful, symptomatic rotator cuff tears that have failed appropriate nonoperative management has been shown to be an effective method of treatment to relieve pain and improve function.\[[@ref1][@ref2]\] For many years, open rotator cuff repair using transosseous (TO) sutures, first described by Codman in 1911, was considered the gold standard of surgical management for full-thickness tears.\[[@ref3]\] However, arthroscopic rotator cuff repair with the use of suture anchors has emerged as an increasingly favorable approach worldwide to repair rotator cuff tears regardless of size and/or location. While selected studies have suggested higher retear rates with arthroscopic repair of larger tears, no significant differences in retear rates, and clinical outcomes have been consistently demonstrated in the literature between these two repair techniques.\[[@ref4][@ref5][@ref6]\]

Many different techniques for anchor-based rotator cuff repair have been described, including single-row (SR), double-row (DR), and DR TO equivalent (TOE).\[[@ref7]\] Significant improvement in clinical outcomes has been reported using all of these techniques.\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\] More recently, arthroscopic TO rotator cuff repair without the use of suture anchors has also been described.\[[@ref14][@ref15][@ref16]\] There is a relative paucity of data regarding outcomes after arthroscopic TO rotator cuff repair, but early published reports have been promising and similar to anchor-based techniques.\[[@ref14][@ref16]\] No comparative clinical studies currently exist evaluating outcomes after either arthroscopic anchor-based or TO rotator cuff repair. In addition, biomechanical data has been inconclusive in demonstrating a consistent difference between these techniques.\[[@ref17][@ref18][@ref19][@ref20][@ref21][@ref22]\] Given the results of these studies combined with individual patient factors unique to each case (i.e., tear size, tendon/bone quality, amount of retraction, etc.,) the "ideal" or "gold standard" of arthroscopic rotator cuff repair remains unknown).\[[@ref1]\] .

To this end, we report midterm clinical outcomes following a novel arthroscopic TO rotator cuff repair technique. Our hypothesis was that this technique would lead to significant improvements in postoperative range of motion (ROM) and clinical outcomes.

MATERIALS AND METHODS {#sec1-2}
=====================

Between June 2009 and June 2011, we identified 131 consecutive patients and 133 shoulders (2 patients underwent bilateral rotator cuff repair during the study time frame) with a full-thickness rotator cuff tear, repairable without any tension to the native footprint who underwent arthroscopic TO rotator cuff repair by the senior author (SGK). All patients presented with a complaint of shoulder pain/dysfunction and had attempted a variety of nonopervative treatment measures including activity modification, oral anti-inflammatory medications, physical therapy, and corticosteroid injection(s) without sustained relief and elected to undergo surgical treatment. Five patients had prior surgery on the ipsilateral shoulder, and 7 patients underwent concomitant suprascapular nerve decompression and were excluded from the final analysis. Twelve patients could not be contacted via either email or telephone and were considered lost to follow-up. Complete data regarding ROM and subjective outcome scores were available from 107 to 131 (81.7%) patients and 109/133 (82%) shoulders for final analysis.

We retrospectively reviewed the charts of these patients to record objective pre and postoperative ROM. Anterior elevation and external rotation were measured with the use of a goniometer. Internal rotation was measured to the maximum vertebral level with the hand behind the back. Operative reports were reviewed to document the exact operative procedure performed including the number of a tendon(s) torn/repaired as well as the presence of chondral lesions involving the glenohumeral articular cartilage as described by Outerbridge.\[[@ref23]\] Since our X-rays were not performed under fluoroscopic control, radiographic measurements of acromiohumeral interval, or joint space were not performed. Preoperative magnetic resonance imaging (MRI) and/or computed tomography (CT) was reviewed by a musculoskeletal radiologist and fellowship-trained shoulder to determine the amount of fatty infiltration of the torn rotator cuff tendon(s) according to the staging systems of Goutallier *et al*. and Fuchs *et al*.\[[@ref24][@ref25]\] Subjective outcome scores including subjective shoulder value (SSV), simple shoulder test (SST), and American Shoulder and Elbow Surgeons (ASES) score were obtained via electronic or telephonic survey by a fellowship-trained shoulder and elbow surgeon who was not involved in the care of any patients included in this series. Of note, no preoperative subjective outcome scores were available for comparison. Patient outcomes were classified according to the postoperative ASES score as excellent (90-100), good (80-89), fair (70-79), or poor (\<70).\[[@ref26]\] Patients with a postoperative ASES score of \<70 were considered failures. Statistical analysis was then performed to compare pre and postoperative ROM data. Univariate analysis was performed using Student\'s t-test to compare the effect of other clinical characteristics on final outcome.

There were 59 males and 48 females with an average age of 56.3 years (range: 28-72 years) at the time of surgery. Eighty patients underwent surgery on their dominant shoulder. Thirty-nine patients reported an "injury" that preceded the onset of their pain. The average duration of symptoms prior to surgery was 47.1 months. Twenty-eight patients previously attempted physical therapy and 36 reported a history of one or more cortisone injections prior to surgery. The exact number of injections each patient had been not able to be obtained from clinical records.

Average Outerbridge staging was 1.2 (range: 0-3). Average rotator cuff tear size as evaluated arthroscopically after minimal debridement was 2.5 cm in the sagittal plane (range: 1-6 cm) by 1.8 cm in the coronal plane (range: 1-4 cm). Tear pattern was as follows: 21 supraspinatus; 82 supraspinatus and infraspinatus; 3 subscapularis; 2 subscapularis and supraspinatus; and 1 subscapularis, supraspinatus, and infraspinatus. Average preoperative Goutallier *et al*. classification was 0.7 for supraspinatus tears (range: 0-3), 0.8 for infraspinatus tears (range: 0-2), and 1.3 for subscapularis tears (range: 0-3). An average of 1.8 TO tunnels were used to perform the cuff repair (range: 1-4). A simple suture configuration was utilized in all 40 patients with a one tunnel repair; XBOX suture configuration was incorporated in 17 patients with a two tunnel repair; mattress configuration was used in all remaining patients regardless of the number of TO tunnels \[[Figure 1](#F1){ref-type="fig"}\]. Patients who underwent either biceps tenotomy or tenodesis were included for analysis. Ten patients had a biceps tenotomy, and 40 patients underwent biceps tenodesis at the time of surgery. Biceps tenodesis was performed in 15/40 patients with suprapectoral interference screw fixation and in 25/40 via TO sutures incorporated into the cuff repair. Summary of demographic, clinical, and radiographic characteristics is listed in [Table 1](#T1){ref-type="table"}.

![Arthroscopic pictures of one tunnel simple (left), two tunnel mattress (middle), and two tunnel XBOX (right) repair configurations](IJSS-10-3-g001){#F1}
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Summary of demographic, clinical, and radiographic characteristics Mean (standard deviation) is listed for continuous variables and *n* (%) for categorical variables

![](IJSS-10-3-g002)

This study was approved by the Institutional Review Board of the Baylor Research Institute, an affiliate of the Baylor Health Care system (No. 013-123). All patients gave individual informed consent to participate in the study. No outside financial support was utilized to complete this study.

Surgical technique {#sec2-1}
------------------

All surgery was performed under general anesthesia in a modified beach chair position with the patient\'s back nearly vertical ("dinner chair position"). No peripheral nerve blocks were utilized either pre or postoperatively in any patient. A four portal (anterior, posterior, anterolateral, and postero-lateral) technique was utilized in all cases. In patients who underwent biceps tenodesis with an interference screw, a fifth portal was added approximately 2 cm distal to the anterolateral corner of the acromion in line with the biceps tendon/transverse humeral ligament.

Routine diagnostic arthroscopy was followed by subacromial decompression/bursectomy with a limited acromioplasty of the anterolateral corner of the acromion preserving coracoacromial ligament in all patients. If proximal disinsertion, fraying/tearing, instability, or tenosynovitis of the biceps tendon was visualized, a tenotomy at the supraglenoid tubercle was performed during diagnostic arthroscopy. Biceps tenodesis was performed in younger, active patients, or in those patients who expressed concern about cosmetic deformity (i.e., "Popeye" sign) or cramping associated with tenotomy alone. If a tenodesis was performed, it was carried out either by suprapectoral tenodesis 1 cm below the top of the bicipital groove with an interference screw or (2) TO sutures using a lasso loop technique incorporated into the rotator cuff repair. Arthroscopic distal clavicle resection was performed in 31 patients in this series after rotator cuff repair was complete. All these patients had preoperative tenderness to palpation at the acromioclavicular joint with concomitant degenerative changes noted on preoperative imaging (X-ray, MRI, and/or CT scan).

All patients underwent arthroscopic TO rotator cuff repair for superior and/or postero-superior lesions as previously described by Garofalo *et al*.\[[@ref15]\] For subscapularis repair, these lesions were repaired from the subacromial space using the same technique with slight modifications as deemed necessary for the introduction of instrumentation/suture management/suture tying. No suture anchors were utilized in any case. After subacromial decompression, footprint preparation and appropriate releases of the rotator cuff, intersecting TO bone tunnels were created using the ArthroTunneler™ (Tornier, Edina, MN, USA) technique. The number of tunnels was determined at the time of surgery based on the tear size/number of tendons torn. In general, we utilize one TO tunnel per centimeter of tearing in the sagittal plane. The size of the tear in the coronal plane (i.e., amount of retraction) does not typically influence the number of tunnels utilized for the repair. Our preference is to shuttle three high-tensile strength sutures through each tunnel: Two \#2 Orthocord^®^ (Ethicon, Somerville, NJ, USA) semi-permanent sutures and one \#3-4 Force Fiber™ (Tornier, Edina, MN, USA) permanent suture. The sutures were passed through the rotator cuff using a combination of antegrade/retrograde delivery technique, retrieved and tied in either a simple, XBOX or mattress configuration \[[Figure 2](#F2){ref-type="fig"}\]. Of note, advanced repair techniques such as side-to-side sutures for L-shaped/reverse L-shaped tears and margin convergence techniques for larger U-shaped tears were utilized in 35/109 shoulders. However, with careful attention to the utilization of appropriate arthroscopic releases and advanced repair techniques when needed all tears were able to mobilize and repair to their native footprint. No bone augmentation device was utilized in any patient in this series.

![Schematic drawings of one tunnel simple (left), two tunnel mattress (middle), and two tunnel XBOX (right) repair configurations](IJSS-10-3-g003){#F2}

Postoperative care and rehabilitation {#sec2-2}
-------------------------------------

Postoperatively, all patients were placed into a simple arm sling (SmartSling^®^, Ossur Medical, Pauling Ranch, CA, USA) with the arm at the side and an additional strap around the waist for 6 weeks. No abduction pillows were used for any patient regardless of tear size. Immediate passive and active assisted elbow/wrist/hand motion and scapular kinetic exercises were started the day after surgery. Supervised physical therapy was initiated within the first 7-10 days after surgery. We begin immediate supine passive anterior elevation and external rotation for the first 6 weeks and advance accordingly during this time based on the size of the tear. Active ROM (including initiation of internal rotation) was started at week seven out of the sling and gentle strengthening typically by week 12. Full release to all activities is patient specific but is generally allowed by 6 months after surgery.

Statistical analysis {#sec2-3}
--------------------

All statistical analyses were performed using SAS software version 9.3 (SAS Institute Inc., Cary, NC, USA). Paired samples t-test was used to compare pre and postoperative ROM data. Univariate analysis was performed using Student\'s t-test to compare the effect of various demographic/clinical characteristics on final outcome. A *P* \< 0.05 was considered to indicate statistical significance.

RESULTS {#sec1-3}
=======

At an average of 11.9 months, mean active anterior elevation improved by 12.2°, external rotation with the arm at side by 12.9°, and internal rotation by 2.0 vertebral levels (*P* \< 0.0001). At an average follow-up of 38.0 months, mean SSV was 93.7 (range: 5-100), SST 11.6 (range: 1-12), and 94.6 (range: 26.7-100). According to ASES scores, results for the 109 shoulders available for final follow-up were excellent in 95 (87.1%), good in 8 (7.3%), fair in 3 (2.8%), and poor in 3 (2.8%). There was no difference in outcomes between patients who had biceps procedure (i.e., tenotomy or tenodesis) or not. Age, history of "injury" preceding the onset of pain, tear size, number of TO tunnels required to perform the repair, and presence of fatty infiltration did not correlate with postoperative ROM or subjective outcome measures at final follow-up in this cohort. No intraoperative fractures of the greater tuberosity were encountered in this series.

Two complications occurred in two shoulders resulting in repeat surgery. One patient who underwent interference screw biceps tenodesis had an atraumatic failure at 2 weeks postoperatively and underwent revision open subpectoral biceps tenodesis. Another patient had persistent drainage from the anterior portal and was taken back to the operating room at 4 weeks postoperatively for arthroscopic irrigation and debridement and treated with parenteral antibiotics for 6 weeks (intraoperative cultures were negative). According to postoperative ASES scores, both of these patients had an excellent result at final follow-up. There were four failures: One patient underwent revision rotator cuff repair 2 years after the original surgery for a recurrent tear, and three patients had postoperative ASES scores \<70 at final follow-up.

DISCUSSION {#sec1-4}
==========

The primary goals of rotator cuff repair are pain relief, improvement in function and successful healing of the tendon. Gerber *et al*. stated "the ideal repair should have high initial strength, allow minimal gap formation and maintain stability until solid healing."\[[@ref27]\] Despite the availability of many different techniques to fix the rotator cuff either open or arthroscopically, the "ideal" method or "gold standard" of repair continues to remain a debated topic. The use of suture anchors is by far the most common method in which arthroscopic rotator cuff repair is currently performed. SR, DR, and TOE anchor-based repair methods are well-described in the literature and have consistently demonstrated good clinical outcomes and healing rates.\[[@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\] Arthroscopic TO (i.e., "anchorless") rotator cuff repair has recently emerged as another viable option in the armamentarium of arthroscopic shoulder surgeons.\[[@ref14][@ref15][@ref16]\] However, there are a limited number of published studies regarding clinical outcomes.\[[@ref14][@ref16]\]

One series of studies demonstrated greater contact and pressure distribution with superior tendon fixation and reduced motion at the tendon-to-tuberosity interface with a simple TO repair configuration compared to anchor-based SR simple and mattress repair techniques.\[[@ref17][@ref21]\] However, Mazzocca *et al*. have also previously shown that a TOE repair had higher contact pressure and force at all-time points during load to failure when compared to SR, DR and TO repair techniques.\[[@ref20]\] Salata *et al*. demonstrated significantly higher load to failure with a TOE repair compared to three separate TO repair techniques, two of which utilized the same device and similar suture configurations as presented in this study.\[[@ref22]\] Furthermore, other studies have shown no significant difference in fixation strength and stability between TOE and TO rotator cuff repair.\[[@ref18][@ref19]\]

This study evaluated the clinical outcomes (ROM and subjective outcome scores) following a novel arthroscopic TO rotator cuff repair using a technique previously described by Garofalo *et al*.\[[@ref15]\] There is currently no published clinical outcome data in the peer-reviewed literature following this repair technique. Our results demonstrated statistically significant improvements in ROM in forward flexion, external rotation, and internal rotation (*P* \< 0.0001). At a mean follow-up of 38.0 months, average postoperative SSV was 93.7, and average SST was 11.6. According to the postoperative ASES score, 97.2% of shoulders obtained a successful result (postoperative ASES score \>70). Complication (1.8%) and failure (3.7%) rates were low and not associated with the surgical technique. Furthermore, no intraoperative fractures of the greater tuberosity were encountered in this series.

There are several weaknesses relevant to this study. This study analyzed a consecutive group of patients with a very heterogeneous distribution of rotator cuff tears with respect to size/number of tendons involved, tear configuration and tear type (i.e., traumatic vs. degenerative). The inclusion of patients who underwent associated arthroscopic procedures could have served as a confounding variable. This is particularly important with respect to patients who underwent a concomitant biceps tendon procedure (tenotomy/tenodesis). Previous studies have suggested that healing of the rotator cuff tendon(s) the following repair does not necessarily correlate with clinical outcomes.\[[@ref28]\] We do acknowledge there may exist some patients in this study with the failure of tendon healing who reported improvement and pain relief as a result of treatment of relevant biceps tendon pathology with either tenotomy or tenodesis. With respect to patients who underwent biceps tendon procedures, we reported no difference between those who underwent either tenotomy or tenodesis. Given this was a small number of patients, it is possible that this portion of the statistical analysis was underpowered to detect an actual difference in these two groups of patients. In addition, no preoperative subjective outcome scores were available in the preoperative clinical documentation and thus no comparison could be made between preoperative and postoperative subjective outcome scores. This serves as a significant weakness to the interpretation of the results; however, we feel that the high overall average postoperative SSV, SST, and ASES scores are suggestive of the potential efficacy of this technique. In addition, use of the ASES score has its inherent weaknesses as an outcomes measure and our decision to stratify outcomes according to the ASES score (i.e., excellent, good, fair, and poor) is somewhat arbitrary as well. However, we feel that providing the SSV as a marker of patient satisfaction along with the SST helps to strengthen the findings of this study and support high average final ASES scores we observed. Furthermore, postoperative MRIs were not obtained on the vast majority of this cohort during the study time frame and therefore we cannot comment on repair integrity/healing rates with this technique.

CONCLUSIONS {#sec1-5}
===========

Arthroscopic TO rotator cuff repair using the ArthroTunneler™ technique leads to significant midterm improvement in ROM and satisfactory mid-term subjective outcome scores with low complication/failure rates in patients with average medium-sized rotator cuff tears with minimal fatty infiltration. This technique could be a viable option in the treatment of rotator cuff tear, but further studies need to be performed to evaluate clinical and radiographic outcomes with this technique.
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